Abstract: We present a strategy to recover high molecular weight genomic DNA from large numbers of isolates of Phytophthora. Included are steps for generating mycelial mass in 24-well reuseable deep well plates, efficient lyophilization and disruption of the mycelium and genomic DNA extraction with 96-well glass fiber filter plates. The resulting DNA is consistently high molecular weight and is suitable for applications that require high quality DNA such as AFLP analysis and TILLING. A single operator easily can manage mycelium preparation and/or DNA extraction from 384 isolates in a single day and this approach might be useful for other fungi or fungi-like organisms that can be grown in liquid media.
INTRODUCTION
Our research requires DNA extraction from 5000-10 000 isolates of Phytophthora per year. Projects include (i) adaptation of the reverse genetic technology known as TILLING (targeting induced local lesions in genomes) to Phytophthora, (McCallum et al 2000 , Perry et al 2003 , Till et al 2003 , Winkler et al 2005 , (ii) large scale surveys of Phytophthora from natural environments (Lamour and Hausbeck 2002 , Lamour et al 2003 , Lamour and Hausbeck 2003 , and (iii) extensive crossing experiments to develop genetic mapping populations and inbred lines (Lamour and Hausbeck 2000) . TILLING is accomplished by creating relatively large libraries of chemically mutagenized individuals (2000-10 000 individuals) and then screening a mirror library of DNA to determine which isolates are carrying induced mutations in a specific gene of interest. The result is detection of isolates carrying silent, missense and knock-out mutations within specific genes. For the survey, mapping and inbred line work we measure genetic variation with fluorescently labeled amplified fragment length polymorphism (AFLP) markers. A key factor in the success of AFLP and TILLING is the quality of the DNA (Till et al 2003 , Habera et al 2004 which needs to be free of contaminants, similar in concentration and of high molecular weight.
Researchers face three main challenges in preparing stocks of high quality DNA from a large number (.1000) of Phytophthora isolates. The first is generating sufficient mycelium from the individual cultures, the second is disrupting the mycelium and the third is extracting the DNA. For the mycelium production and disruption steps isolates of Phytophthora often are grown in Erlenmeyer flasks and the resulting mycelium is either freeze dried or immersed in liquid N and manually disrupted with a mortar and pestle. Once the material has been disrupted DNA is extracted with a variety of techniques including phenol/chloroform and commercially available kits. In our experience there are significant limitations to scaling up DNA preparations based on the currently available methods. These limitations include access to sufficient space and equipment, the costs of labor, exposure to toxic chemicals and the monetary cost of commercial kits.
Over the past 2 y we have developed a strategy useful for large numbers of Phytophthora isolates that lessens the limiting factors and consistently provides high molecular weight genomic DNA from diverse Phytophthora species including P. sojae, P. capsici, P. tropicalis, P. ramorum, P. nicotianae, P. citricola and P. citrophthora. This protocol is based on our need to (i) maximize the use of limited space and monetary resources and (ii) recover consistently high quality DNA that can be stored and used over many years.
MATERIALS AND METHODS
These devices capable of accepting or manipulating reuseable deepwell (DW) plates were used: a microplate centrifuge (MC), Apricot 96 channel pipette (Apricot Designs, Inc., Monrovia, California), Mixer Mill 300 (MM300) (QIAGEN, Valencia, California), a capmat applicator (CMA) (Fisher Scientific), dry dispensing plate (Millipore) and a Labconco stoppering tray drying system (STDS) (Labconco Corp., Kansas City, Missouri). Following is a detailed description of the procedure starting from pure cultures of chemically mutagenized isolates of the soybean pathogen Phytophthora sojae growing on solid agar media. Mycelium production and disruption.-To generate mycelial mats suitable for DNA extraction 24-well Uniplate microplates (Whatman Inc., Clifton, New Jersey) able to hold 10 mL per well are preloaded with 1 mL PARP-V8 broth (pimaricin 25 ppm, ampicillin 100 ppm, rifampicin 25 ppm and pentachloronitrobenzene 25 ppm) and seeded with wefts of mycelium scraped from the top of agar plates (FIG. 1) . Antibiotics are included to reduce foreign contamination but are not necessary. The broth plates are covered with rayon breathable tape and incubated at room temperature 6 d. The resulting colonies are harvested into a 96-well 2 mL DW plate containing three 3 mm glass balls per well. A Millipore dry dispensing plate is used to dispense the glass balls before loading the biological material. The sample plates then are covered with AeraSeal rayon breathable tape (PGC Scientifics, Frederick, Massachusetts) and frozen to 280 C at least 1 h. The samples are lyophilized for a total of 48 h; 24 h using the STDS with the incubation chamber at 0 C, followed by 24 h with the incubation chamber at 23 C. Immediately after removal of the samples from the chamber a capmat is applied to the deepwell plates with CMA. The samples then are disrupted with the MM300 for a total of 2 min on the highest setting of 30 revolutions per second. After bashing 1 min the 96-well deepwell plate is rotated 180 degrees and bashed an additional minute (TA-BLE I).
DNA extraction.-The following steps for DNA extraction are adapted from the instructions available for the QIAGEN DNeasy 96 plant kit (Qiagen, Valencia, California) with minor changes and the substitution of homemade reagents and commercially available glass fiber spin plates in place of kit components.
The plates containing pulverized dried mycelium are centrifuged 5 min at 4600 g and the capmats carefully removed. A total of 400 mL of a lysis cocktail (100 mM Tris (pH 8.0), 50 mM EDTA, 500 mM NaCl, 1.33% SDS with 0.8% Fighter F antifoaming agent (Loveland Industries, Greely, Colorado) and 0.2 mg/mL RNase A) is added to each well using the Apricot and a new capmat applied. The plates are agitated vigorously by inverting the plate 5-10 times and the samples incubated in a 65 C chamber 20 min. The plates are centrifuged 2 min at 4600 g and the capmat gently removed. A total of 150 mL of 5 M potassium acetate is added using the Apricot and a new capmat applied. The plates are inverted vigorously 5-10 times and the samples incubated at 220 C 30 min to overnight. Chilled plates then are centrifuged 30 min at 4600 g and 400 mL of the supernatant transferred to a new 2 mL DW plate containing TABLE I. Steps for mycelium production and disruption N Transfer mycelium to four wells of a 24-well deepwell plate preloaded with 1 mL of nutrient broth. Avoid transferring agar (FIG. 1) . N Cover the plates with airpore tape and incubate 6 d at room temperature. N Harvest the mycelial mats into a 2 mL 96-well deepwell plate preloaded with glass balls. Mycelium from all four wells for a single isolate are loaded into a single well of the 96-well plate. Preload glass balls with the Millipore dry dispensing plate. N Cover the plates with airpore tape and lyophilize 48 h. N Seal the plates with a capmat and disrupt with the Mixer Mill 300 on the highest settings 1 min and rotate the plate 180 degrees and repeat. Plates can be stored long term at 280 C.
TABLE II. Steps for DNA extraction and quantification
N Spin plates at 4600 g 5 min, gently remove capmat and add 400 mL lysis cocktail + RNase A. Apply clean capmat and shake vigorously to mix contents. N Incubate in 65 C chamber 20 min. CAUTION: Capmats will loosen during the incubation. Spin plates at 4600 g 2 min and remove capmat. N Add 150 mL 5 M potassium acetate, apply clean capmat and shake vigorously to mix contents. N Incubate samples at 220 C 30 min to overnight. If incubated overnight thaw plates before proceeding. N Spin plates 30 min at 4600 g and transfer 400 mL of the supernatant to a new 2 mL deepwell plate containing 600 mL of a 0.66 M guanidine hydrochloride and 63.3% ethanol solution. CAUTION: Guanidine hydrochloride is a dangerous irritant and is highly reactive with bleach. N Apply clean capmat, shake the plates vigorously to mix contents and transfer 1 mL to a Nunc spin column plate sitting on 2 mL deepwell catch plate. Spin plates at 4600 g 5 min and discard flow through. N Add 500 mL wash solution, centrifuge at 4600 g 5 min and discard flow through. N Add 500 mL of 95% ethanol. Spin plates at 4600 g 5 min and discard flow through. N Incubate the spin column plate in a 65 C chamber 10 min to dry the column. N Add 200 mL of 10 mM Tris (pH 8.0) and incubate at room temperature 30 min to 1 h. N Place the spin column plate onto a new 1 mL deepwell plate and spin at 4600 g 2 min to Elute DNA. Assess quality and quantity of DNA on a 1% agar gel (FIG. 2) . 600 mL of a 0.66 M guanidine hydrochloride and 63.3% ethanol solution using the Apricot. Guanidine hydrochloride is a dangerous irritant and proper protective garments, gloves and eye protection must be worn. Guanidine hydrochloride is highly reactive with bleach and the waste from the following steps must be disposed of properly. A new capmat is applied and the plates inverted vigorously 5-10 times to mix the solutions. One mL of the mixture is added to a Nunc spin column plate (Nalge Nunc Int., Rochester, New York) sitting on a 2 mL DW plate and centrifuged at 4600 g 5 min. The flow-through is discarded and the membrane washed by adding 500 mL wash solution (10 mM Tris [pH 8.0], 1 mM EDTA, 50 mM NaCl, 67% ethanol) and centrifuging at 4600 g 5 min. The membrane is further washed by adding 500 mL of 95% ethanol and centrifuging at 4600 g 5 min. The spin column plate is incubated at 65 C 10 min to dry the membrane. A total of 200 mL of 10 mM Tris (pH 8.0) is added to each well using the Apricot and the plates incubated at room temperature 30 min to 1 h. The DNA is eluted into a clean 1 mL DW plate by centrifugation at 4600 g 2 min. The quantity and quality of the DNA is assessed by separation on a 1% agar gel (FIG. 2, TABLE II) .
RESULTS AND DISCUSSION
Extracted DNA was consistently high molecular weight with total yields varying based on the amount of starting material used. As described here, mycelium grown in four wells containing 1 mL of broth over 6 d results in approximately 10-15 mg of dried mycelium per isolate yielding 1-2 mg total DNA in a total volume of 200 mL. This provides sufficient DNA for at least 2000 TILLING PCR reactions and sufficient high quality DNA to perform the restriction -FIG. 1A-B. A. Phytophthora sojae mycelium gently scraped from the top of an agar plate for transfer to 24-well broth plates. B. resulting colonies from six isolates ready for harvest 6 d later with the combined mycelium from column 1 collected at bottom left.
FIG. 2. Agarose gel (1%) with a high mass ladder (L), 10 and 20 ng Lambda DNA (lanes l and 2 respectively) and 3 mL of genomic DNA prepared from approximately 10 mg of lyophilized mycelium from 96 Phytophthora sojae isolates (lanes 3-48 and 52-100). Lyophilization, disruption and DNA extraction were completed in a 96-well format. ligation reactions necessary for AFLP. DNA from a typical extraction of 96 P. sojae isolates is shown (FIG. 2) . DNA isolated with this strategy has been used successfully in standard PCR, fluorescently labeled nested PCR, real time PCR, reverse genetics using the Targeting Induced Local Lesions IN Genomes (TIL-LING) approach, and fluorescently labeled amplified fragment length polymorphism (AFLP) applications.
This approach is attractive because a large number of samples can be processed efficiently in a relatively short period, the total space required is a fraction of that needed for traditional approaches, the cost of performing the DNA extraction is approximately 85% less than currently available commercial kits, and there are no organic solvents such as chloroform or phenol. We have used this same strategy to recover high quality DNA from diverse biological starting materials including soybean (Glycine max), horseweed (Conyza canadensis), dogwood (Cornus florida), soybean cyst nematode (SCN) (Heterodera glycines) eggs, morel mushroom carpophores (Morchella esculentum) and diverse Pythium species. As the number of genomes with extensive sequence increases, the application of new genetic tools and approaches becomes feasible. For many of these approaches, including mapping and association studies relying on large progeny sets, reverse genetic tests based on random mutagenesis, and large-scale surveys using molecular markers, there is a need for strategies to produce stocks of high quality DNA from large numbers of individuals. The approach outlined above works well for members of the genus Phytophthora and provides a reasonable starting point to develop strategies for other organisms.
